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STEREQOSPECIFIC SYNTHESIS OF ENAMINES FROM o,R-EPOXYSILANES
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Abstract: Isomerically pure cis and trans enamines were prepared from a,B-epoxysilanes by
alumina-assisted ring opening with pyrrolidine and morpholine followed by g-elimination.

Enamines are compounds of considerable synthetic importance.1 However, the effect of

stereochemistry on their reactions has been little studied, and few methods for their stereo-
specific synthesis exist.z’3
Several years ago, we reported a new, potentially general method for the stereospecific
synthesis of heteroatom-substituted o]eﬁ'ns.4 This method is based on the finding that «,B-
epoxysilanes undergo regio- and stereospecific o opening by a variety of reagents to produce
diastereomerically pure B-hydroxysi1anes,4’5 and that these g-hydroxysilanes undergo stereo-
specific syn or anti g-elimination reactions under basic or acidic conditions, respective-

1y.5a’6 o,B-Epoxysilanes were thus termed "stereospecific vinyl cation equiva]ents".4 We
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have been interested in probing the scope and Timitations of this method, and report here an
application to the stereospecific preparation of simple pyrrolidine and morpholine enamines.
This work demonstrates that the epoxysilane method can be used for the stereospecific synthesis
of electron-rich, extremely acid sensitive olefins.

Initially, we attempted ring opening reactions of a,B-epoxysilanes with amines under a
variety of conditions and found the reactions to be s1ugg1’sh.7 Posner and Rogers reported
that Woelm 200 neutral alumina catalyzes ring opening of epoxides by amines (and by other
types of compounds).8 Using alumina, we found that the cis epoxide l4 undergoes clean ring
opening with pyrrolidine and morpholine, although under more rigorous conditions. The trans
epoxide g4 was found to be inert to these conditions. Thus (as discussed below), a cis-trans
mixture of epoxides can be used for the preparation of isomerically pure enamines.
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An 86:14 mixture of epoxides ] and 2, prepared from heptanal and chloromethyl(trimethyl-
si]yl)]ithium,g reacted in the presence of alumina (in dioxane) with pyrrolidine (85°C, 96 h)
and with morpholine (100°C, 24 h) to form the a-amino-g-hydroxysilanes %210 and %R,IO
respectively. The g-hydroxysilanes were separated from the unreacted trans epoxide by
fractional evaporative distﬂ]ation,11 and were obtained in 63.5% (3a) and 62% (3b) yields
(not corrected for the fact that only the cis epoxide reacted). Their structures were con-
firmed by the downfield shift of the g protons in the NMR spectra of their derived acetates,
and by their g-elimination reactions (below).
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Our initial attempts to prepare cis enamines by KH-induced syn g-elimination reactions
of B-hydroxysilanes %g and %R led to the trans isomers, 32 and pp, or to cis-trans mixtures.
We found that this was due to extremely facile acid-catalyzed cis-trans isomerization, and
eventually were able to isolate the pure cis enamines Qg and QR by carrying out all operations
in glassware washed with aqueous NaOH. Isomeric purities were determined by NMR spectra
taken in cyclohexane. (We were unable to separate the isomers by VPC.) Cis-trans isomer-
jzation was shown (for Qk) to take place slowly in 0014 and rapidly in the presence of CHC13.
With Qg, isomerization was even more rapid.

Thus, 8-hydroxysilane 3a was treated with KH in THF under nitrogen (room temperature,
2 h), the liquid was separated (no aqueous workup), and the solvent was removed under vacuum,
to give the isomerically pure cis enamine Qg.lz The trans isomer (ég) was not detectable by
NMR (cyclohexane). Evaporative distillation gave 74% of a mixture of cis and trans enamines,
43 and 53 (~2:3 by NWR). 13 10,12,14 55 obtained (78% yield) from a
similar reaction in which the glassware had not been base washed.

Similarly, g-hydroxysilane 3b was treated with KH in THF, yielding cis morphaline
enamine QR10’12’13 in 84% yield after evaporative distillation {no isomerization). A reaction
in which the glassware had not been base washed gave a mixture of cis and trans enamines in

93% yield; after standing at room temperature this mixture isomerized to the pure trans
10,12

Pure trans enamine 5a
A"

enamine 5b.
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Only a few examples of simple cis enamines which are capable of isomerization to the

2b,3 these compounds have been found to be very

trans isomers have previously been reported;
unstable.15 The fact that highly sensitive cis enamines can be prepared by g-elimination reac-
tions of B-hydroxysilanes demonstrates the mildness and versatility of these reactions. The
fact that an isomerically pure enamine can be obtained from a cis-trans mixture of epoxy-

silanes is also noteworthy.16
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